CsPbI 3 and RbPbI 3 were investigated by in situ powder diffraction within temperature ranges of 298-687 K and 298-714 K, respectively. Both compounds crystallize in orthorhombic Pnma symmetry and expand isotropically upon a heating, revealing almost the same relative change of the lattice parameters. A pronounced difference in the structural evolution close to 600 K was observed, namely, CsPbI 3 undergoes first order reversible phase transformation Pnma
Introduction
Optical properties of caesium and rubidium triiodoplumbates have been extensively studied [1, 2] since their implementation as scintillators is of considerable interest [3] .
The structure of caesium triiodoplumbate was originally determined by Møller [4] .
However, the accuracy of his work was limited by the experimental technique available at that time. The structure of rubidium triiodoplumbate at room temperature was precisely determined by single crystal diffraction [5] : RbPbI 3 are held together by alkaline ions [5] . CsPbI 3 and RbPbI 3 belong to the structure type of NH 4 CdCl 3 /Sn 2 S 3 .
To our knowledge, there are no data on the high-temperature structural evolution of CsPbI 3 and RbPbI 3 in the literature. The analysis of the results presented in [4] shows that more accurate structural studies of caesium triiodoplumbate are of interest. This requires a more accurate determination of the interatomic distances in the CsPbI 3 structure which is the experimental basis for further understanding the correlation between optical and structural properties. Therefore, in the present work we report the results of powder diffraction studies on CsPbI 3 and RbPbI 3 within temperature ranges of 298-687 K and 298-714 K, respectively.
Experimental
The samples were grown by the Bridgman technique in Lviv [2] . In situ diffraction studies at high temperatures were performed at the synchrotron facility Hasylab/DESY (Hamburg, Germany) with the powder diffractometer at beam-line B2 [6] . The 0.3×80 mm quartz capillaries were completely filled with powder samples in air and sealed.
Subsequently, the capillaries were mounted in Debye-Scherrer geometry inside a STOE furnace which is equipped with a EUROTHERM temperature controller and a capillary spinner. The furnace temperature was measured by a Pt10%Rh/Pt-thermocouple calibrated using the thermal expansion of NaCl. The wavelength of 0.49328 Å was selected from the direct white synchrotron radiation beam using a Si by the slits. All diffraction patterns have been collected at stabilized temperatures during the heating cycle using an image-plate detector [7] (2θ range 4-45 o ). Additional check patterns were taken after the thermal treatment when the samples were cooled down to 298 K. The data evaluation was performed using the "WinPLOTR" [8] software package.
Results
The series of measurements was initially carried out for caesium triiodoplumbate in the 298-770 K temperature range. A change of the sample colour from yellow to dark yellow was observed at the end of thermal treatment during the in-situ diffraction study.
This can be considered as an evidence for the sample decomposition at high temperatures in air. In order to avoid the sample decomposition, the upper temperature limit was reduced down to 687 K. The additional diffraction check-pattern was collected after the sample was cooled down to 298 K. The colour changes were not revealed for CsPbI 3 after its heating up to 687 K, and no difference was observed in the [5] . The Rietveld refinement results are presented in The structure of the high-temperature CsPbI 3 modification is illustrated in figure 2c .
It reveals a large-amplitude anisotropic thermal vibration of the iodine atoms in the (100) planes. This finding possibly indicates a disorder of iodine in the Cs + -I -planes.
In order to achieve the best fit possible we also performed a structure refinement which The calculated and experimental diffraction patterns for RbPbI 3 are presented in figure 1 . The Rietveld refinement was based on the model from reference [5] . The temperature dependencies of the CsPbI 3 and RbPbI 3 cell parameters are presented in figure 3 . The values of the lattice parameters increase linearly without any anomalous deviation for both CsPbI 3 
Discussion
A minor difference of 0.2% between our (854.23 (12) [4] for the CsPbI 3 cell volume at room temperature agrees well with the 892.66(4) Å 3 value resulting from our studies.
Before melting, CsPbI 3 undergoes a reversible orthorhombic-to-cubic phase transition via a two-phase region (Pnma
Pm 3 m) with a large discontinuous volume change of about 6.9%. This is a very strong indication for the first order phase transition in CsPbI 3 . In contrast to CsPbI 3 , no transition into the high-temperature modification was revealed for RbPbI 3 . An attempt to detect the hightemperature polymorphic modification for rubidium triiodoplumbate has already been made [5] but it was not successful as well. An analysis of available literature data on high-temperature investigations of compounds which are isostructural to CsPbI 3 (TlMnI 3 and TlFeI 3 [10] , InCdBr 3 [11] , InFeBr 3 and InMnBr 3 [12] , KMnCl 3 and TlMnCl 3 [13] , KMnBr 3 [14] ) has shown the existence of phase transformations in The averaged Pb-I distance in PbI 6 -octahedra increases from 3.244 Å at 298 K up to 3.266 Å at 593 K for orthorhombic CsPbI 3 , from 3.144 Å at 609 K up to 3.150 Å at 687 K for cubic CsPbI 3 and from 3.231 Å at 298 K up to 3.247 Å at 634 K for orthorhombic RbPbI 3 . The values for the averaged Pb-I distance are almost the same in both orthorhombic phases and appear to be shorter than the Pb-I distance (3.39 Å ) calculated from the sum of the Shannon ionic radii. The last fact may be related to polarizing influence of smaller Pb 2+ cations on the iodine anion surrounding.
Reference [12] reports the existence of an In + -Br -distance which is about 20% longer than all the other distances in the InBr 9 -polyhedra of InFeBr 3 . Similar experimental data are available for InMnBr 3 (single elongation of about 20%), InCdBr 3 (~16%) and RbCdBr 3 (~10%) and they have been explained on the basis of crystal and electronic structure considerations [11] . However, such an elongation is not pronounced for the distances in the 9-fold iodine surroundings of alkaline ions in caesium and 3 and TlFeI 3 appear to be larger than those derived from diffraction studies.
However, no high-temperature phase transitions (except the sample melting) were detected for these compounds [10, 14] . We could not find any evidence for relation between an existence/absence of polymorphic phase transitions in CsPbI 3 /RbPbI 3 and the difference in experimentally determined alkali-iodine distances and the ones calculated from the sum of ionic radii.
Conclusions
The structural parameters of improved accuracy were derived for caesium triiodoplumbate by means of synchrotron powder diffraction experiments and the Cs/Rb
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